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(57) Abstract 

Improved apparatus for a radio communication network having a multiplicity of mobile tranisceiver ""'ts (^2) selectively in 
communication vrith a plurality of base transceiver units which communicate with one or two host computer ^^2) For storage ana 
manipulation of data collected by bar code scanners or other collection means assoaated with the mobile transaiver units, ine 
radio network is adaptive in that in order to compensate for the wide range of operating conditions a set of vanable ""wor Kpjr- 
.ameters are exchanged b(^een transceivers in the network. These parameters define optimized communication on networic 
under cuti^nt nrtwork"i5Sdit"i6iirEiifii^Rr3f such parameters include: the length and frequency of the spreadmg foae in ai- 
rect-sequence spread spectrum communications; the hop frame length, coding, and interleaving in frequency-hopping spreao 
spectrum communications; the method of source encoding used; and the data packet size in a network using data segmentation. 
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anMMARY 'rag INVENTION 

The pfesent invention provides an improved 
data communication system which maintains RF 
communication links between one or more host 
computers and one or more base transceiver unxts, 
each of which may be communicative with many 
mobile portable transceiver units being moved 
about a warehouse complex for the collectxon of 
data, specifically, the invention provides a data 
communication system for collecting and 
communicating data in the form of RF signals whxch 
has a plurality of RF transceivers that store and 
modify at least one variable operating parameter. 

From the stored parameter ( s) , each of 
transceivers control the operation of transmission 
and reception. The transceivers also evaluate the 
effect of the stored parameter based by analyzing 
each transmission received, and determine whether 
to make changes in the stored parameter. If 
20 changes are needed, the transceivers, modify and 
store the modified operating parameter and begin 

operation based thereon . 

The operating parameters involve: 1) the size 

of data segments to be transmitted; 2) the length 
25 or frequency of the spreading code used for 
direct-sequence spread spectrum communication; 3) 
the hopping rate, coding, and interleaving for 
frequency-hopping spread spectrum communication; 
and 4) the type of RF source encoding used. 
30 in addition, the RF transceivers used in the 

data communication network of the present 
invention use system-default values to reset the 
operating parameters if a series of failed 
communication exchanges occurs, so that 

3 5 communication can be re-established. 

It is therefore an object of the invention to 

provide an adaptive radio communication system 
which permits the interconnection of one or two 
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BACKSROUMD OV «P HB TUVBTraTON 

5 The preseht invention in a preferred 

implementation relates to improvements in radio 
data communication networks wherein a number of 
mobile transceiver units are to transmit data to 
a number of base stations under a wide range of 
10 operating conditions. To compensate for the wide 
range of operating conditions, adaptability has 
been provided using an exchange of parameters that 
define the nature of the network communication. 
The invention is preferably to be applicable as an 
upgrade of an existing data capture system wherein 
a number of hand-held transceiver units of an 
earlier design are already in the field 
representing a substantial economic investment in 
comparison to the cost of base stations, 
20 accessories and components. In installations 
spread over an extensive area, a large number of 
mobile portable transceiver units may be employed 
to gather data in various places and multiple base 
stations may be required. in a variety of sucH 
25 installations such as warehouse facilities, 
distribution centers, and retail establishments. 
It may be advantageous to utilize not only 
multiple bases capable of communication with a 
single host, but with multiple hosts as well. 
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Figure 4 is a diagrammatic illustration of 
«>e control circuitry elements of the in-nt^n^ 
Figure 5 is a rear elevation view of the 

'"''^''T^. C is a diagrammatic ^ 
the appliotlon specific integrated circuxt of the 

'"''"Ft:::;e , is a ^IocK diagram showing an 
exemplary implementation of ^n'-"^^-^ "^J^^l 
and router transceiver units such as the networlc 



—i^eTt^rr;^- of an syst^ 
utili^ing a networx con«oller ---^^ ^ 
Figures 2-6, with one of its networ ^ p 
X5 configured for communication with a --=°"^ 

and another Of its P^^s ""-Pl^ ""Jf " 
multiplicity Of transceivers via an adapter 

"■^''Figure 9 is a diagram illustrating the use of 
two networlc controllers according to Figures 2-6 
configured for dual host computers each, and 
hlv!^r«.eir relatively high data rate extended 
distance networX ports coupled with a multxplxcxty 
Of intelligent networx and router transceiver 
units implemented according to Figure 7. 

Figure 10 is a diagram similar to Figure 9 
hut Showing the pari of coupled network 
controllers interfaced to a common relatively high 
data rate system having multiple hosts 
local area network of ^e Ethernet type or 
equivalent £^ fiber, optic type. 

Figure 11 is a diagram similar to Figure 10 
hut indicating the network controllers being 
coupled to respective different high data rate 
multiple host systems (s^. token ring type local 
area networks or other individual networks 
fiber optic loop networks of the collision-sense 
multiple-access type) . 
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hos't coinput:er devices to a multiplicity of base 
transceiver iinits which may include both prior art 
existing installed units and new generation units 
capable of spread spectnom radio transmission. 
5 It is a fxirther object of the invention to 

provide an adaptive RF data communication system 
which optimizes communication based on a set of 
operating parameters. 

Xt is a further object of the invention to 

10 provide an adaptive RF data commiinication system 
which maintains commiinication based on a set of 
operating parsoneters for optimizing commiinication, 
wherein the operating parameters involve: 1) the 
size of data segments to be transmitted; 2) the 

15 length or frequency of the spreading code used for 
direct— sequence spread spectrum communication; 3) 
the hopping rate, coding, and interleaving for 
f requency*hopping spread spectnim commiinication; 
and 4 ) the type of RF source encoding to be used . 

20 It is a further object of the invention to 

provide a radio communication system network 
controller which via a commiinication exchange 
optimizes a set of operating parameters, yet 
returns the parameters to their previous or 

25 system-default values upon failed communication. 

These and other objects of the invention will 
be apparent from examination of the detailed 
description which follows. 

DESCRIPTION OF THE DRAWING FIGURES 
30 Figure 1 is a block diagreun of the prior art 

data communication system. 

Figure 2 is a perspective view of the 
invention. 

Figure 3 is a schematic representation of an 
35 exemplary radio communication system utilizing the 
invention. 



SUBSTITUTE SHEET (RULE 26) 



wo 94/10774 



10 



15 



20 



25 



3 0 



35 



» ' m 

PCr/US93/10528 

6 

controller and a communications link 16 (e.g. 
utilizing an RS.232 format) to a host computer 17. 

The data capture terminals 12A, 12B, . . . , IZJ* 
May each be provided with a keyboard such as 18, 
a display as at 19, and a bar code scanning 

capability. . * 

Figure 2 provides a perspective view of the 
invention 40 in the preferred embodiment case 20 
Front panel 22 is provided with display 24 and 
select key 26, up key 28 and down key 30. Power 
indicator 32 comprises a low power green Ixght 
emitting diode which is energized when power is 
supplied to the invention 10. Error condition 
indicator 34 is a yellow LED which is software 
controlled to be energized if the invention 10 xs 

in error condition • 

Figure 3 discloses a diagrammatic 
illustration of a radio communication system in 
accordance with the present invention. Invention 
network controller 40 is coupled to host_computer 
IT'such that data may be interchanged between the 
"^vices over host communications link 44, which 
^;y^e either in an RS232C format or selectively 
in an RS422 format. The host communication link 
44 couples to controller 40 at host port 46. 

First communication port 48 of controller 40 
provides means for coupling of network 50 to 
controller 40. Network 50 comprises a number of 
base RF transceiver units 52A, 52B and 53B, each 
of which may be selectively employed in the radio 
frequency communication of data from mobile 
transceiver units. It is to be understood that 
base transceiver units 52 are designed and 
equipped to be operable in the exchange of data 
with network controller 40 over network link 56 
such that each base transceiver unit 52A, 52B, or 
53C may independently exchange data with network 
controller 40 through first communication port 48. 
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Figure 12 is a view similar to Figure 9 but 
intended to diagrammatically indicate a 
distribution of network and router transceivers 
and other elements of an on-line RF data 
5 collection system over an extensive area of a 
facility e.a> of one of the types previously 
mentioned. 

Figure 13 shows an intelligent controller and 
radio base unit which unifies controller and radio 
10 components such as shown in Figure 7 into a single, 
housing of the size represented in Figures 2 and 
5. 

Figure 14 shows a diagrammatic illustration 
of the signal processing for two of four paiis of 
15 communication ports of the multiple base adapter 
of the RF data collection system illustrated in 
Figure 8. 

Figure 15 is a diagram of petrts of an RF data 
collection system utilizing a network controller 
20 according to Figures 2-6 and a multiple base 
adapter according to Figure 14, with eight base 
. transceiver units coupled to the multiple base 
adapter. 

DETAILED DESCRIPTION OF THE IKVENTION 

25 Figure 1 shows an existing radio frequency 

data transmission system 10 wherein a base station 
transceiver means 11 has a number of mobile 
transceiver units such as 12A, 12B, . . . , 12N in 
radio communication therewith* 

30 By way of example, the base station may be 

comprised of a radio base unit 14 such as the 
model RB3 021 of Norand Corporation/ Cedar Rapids, 
Iowa, which forms part of a product family known 
as the RT3210 system. In this case, the radio 

35 base 14 may receive data from the respective 
mobile RF terminals, e.g. of type RT32iO, and 
transmit the received data via a network 
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system as is illustrated in Figure i. Because of 
limitations of base transceiver 54, it must 
communicate via RS232C interface format and 
ttxerefore, second communication port 57 must be 
selected to operate in RS232C interface mode. 
However, when second communication port 57 is 
desired to communicate with a network via RS485 
interface, front panel keys 26, 28 and 30 may be 
manipulated by the user to provide the RS485 
interface availability at second communication 
port 57. Likewise, second communication port 57 
may be selected to operate as an RS422 interface, 
as a V.25 interface, or as the proprietary NORAND* 
Radio one Node Network interface. 

Diagnostic port" 55 provides a fourth 
communication pathway for network controller 40, 
providing an asynchronous port operable at 300 to 
19,200 baud as an RS232C interface. When 
desirable, diagnostic port 55 may be coupled by 
diagnostic link 58 to diagnostic device 60 for 
purposes of error_ diagnosis, of controller 40 by 
diagnostic ^^^ce 60, or for reprogramming of 
memory devices within controller 40 when desired. 
It is contemplated that diagnostic device 60 
comprises a 16 or 32 bit microprocessor commonly 
known as a personal computer or "PC". The mode of 
coupling between diagnostic device 60 and network 
controller 40 may be direct or through remote 
means by use of a modem. 

Referring now to Figure 4, a central 
processing unit 70 is provided with at least four 
data communication ports, illustrated at numerals 
71, 72, 73, and 74. First data communication port 
7l'may be selectively coupled to RS232 interface 
member 76 or V. 35 interface member 78. The choice 
of whether RS232 interface member 76 or V.35 
interface member 78 is chosen is dependent upon 
the operating characteristics presented by the 
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When first communication port 48 is intended for 
operation with a network such as network 50 of 
base transceiver units 52A, 52B and 53C, for 
exeunple, network controller 40 is selectively 
operated to provide an RS485 interface at first 
conununication port 48. First communication port 
48 may be alternately selected to operate as an 
RS232C interface, as an RS422 interface, as a 
proprietary NORAND® Radio One Node Network 
interface or as a high speed V.35 interface. The 
selection of interface to be provided at first 
communication poirt 48 is front panel controlled, 
that is, the user may operate front panel keys 28, ^ 
3 0 and 26 (See Figure 2) to direct the proper 
interface to be provided at first communication 
port 48. 

Base transceiver Units 52A, 52B, and 52C are 
coupled to network link 56 by serial means, rather 
than parallel means, and each may be caused to 
transmit or to receive independently from the 
others while additionally being communicative with 
network controller 40 in a randomly chosen 
fashion. 

It is further to be understood that interface 
translation is provided within controller 40 such 
that data communicated at first commxinication port 
48 may be directed to host 42 at port 46 via 
properly chosen interface means as is required by 
the host 42 with which communication is intended. 

Like first communication port 48, second 
communication port 57 may be internally switched 
among interface choices of these typ^s: RS232C, 
RS422, V.35, RS485 and proprietary NORAND® Radio 
One Node Network interface. In the illustrated 
arrangement of Figure 3, for example, second 
communication port 57 is coupled over third link 
53 to previously installed base transceiver 54, 
which heretofore had been used in a prior art 
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interface member 97 to be available for 
, interconnection of a diagnostic device therewxth. 

Also coupled to central processing unxt 70 
are display member 24 and Keyboard member 31 with 
5 whi^l^s 26: 28, and 30 of front panel 22 
(Figure 2) are interactive. 

Memory elements including EPROM element 96, 
DRAM unit 98/fIASH memory unit 100 and EEPROM 
element 102 are intercoupled with each other and 
10 with central processing unit 70. 

power supply member 104 is selectively 
attachable to invention network controller 40. In 

order to avoid the necessity of different models 
of network controller 40 depending on the local 
15 electrical power ' utility's operating 
characteristics, power supply 104 is provided xn 
optional models depending on the country in whxch 
it is to be used, power supply 104 being capable 
of providing satisfactory output power to network 
controller 40 regardless of the voltage or 
frequency of the input source provided to power 

supply 104. _ 
The application specific integrated circuxt 

(ASIC) used in the invention network controller 40 
is disclosed in Figure 6 and is identified by the 
numeral 120. ASIC 120 comprises a central 
processor unit interface 122 member which xs 
coupled to the central processor unit bus by CPU 
bus link 124 which extends from ASIC 120. Also 
coupled to the CPU bus link 124 is dynamic random 
access memory (DRAM) timing element 126, whxch 
provides network controller 40 with timing signals 
for the DRAM member 98 illustrated in Figure 4 
when memory refresh of the DRAM 98 is indicated. 
DRAM timing element 126 is also coupled exterxorly 
to the ASIC 120 to DRAM member 98 by DRAM Ixnk 
127. 
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host computer, such as host computer 42 of Figure 
3, with which network controller 40 will 
communicate. The choice of whether first 

communication port 71 is coupled to interface 
5 member 76 or to interface member 78 depends on the 
front panel selection made by the user by keys 26, 
28, and 30 shown in Figure 2. 

Second communication port 72 may be 
selectively coupled to RS232 member 80 or to RS485 

10 interface member 82 or to RS422 interface member 
84 or to NORAND® Radio One Node Network 
proprietary interface member 86. By use of front 
panel keys 26, 28, and 30 of Figure 2, the user 
may select second communication port 72 to be 

15 coupled to any one of* interface members 80, 82, 
84 , and 86. 

Third communication port 73 is identical to 
second communicaitibn port 72 in fiinctidnality , 
being selectively couplable to RS232 interface 

20. member 88, to RS485 interface member 90, to RS422 
interface meiober 92 or to NORAND® Radio One Node 
Network proprietary interface member 94 . 

In the preferred embodiment of the invention 
40, central' processing xinit 70 of Figure 4 

25 comprises a Motorola™ 68302 integrated chip 
cooperative with an application specific 
integrated circuit. Central processing unit 70 
employs novel feattares allowing the bidirectional 
use of a data communicative line of the Motorola™ 

30 68302 chip and a single clock signal line to 
eliminate the need for coder-decoder members to be 
associated with the Motorola™ 68302 chip while 
allowing the use of only one pair of signal wires 
to be coupled to the RS485 interfaces 82 and 90 of 

35 Figure 4. 

Fourth communication port 74 of central 
processing unit is coupled to asynchronous RS2 32 
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central processing unit interface 122 is also 
coupled by line 138 to latches exterior to ASIC 

* It is to be understood that the base 
5 transceiver units 52A/ 52B, and 52C illustrated xn 
Figure 3 are communicative with mobile transceiver 
units by electromagnetic radio means. The mobxle 
transceiver units may be associated with bar code 
scanning devices such as the NORAND* 20/20 Hxgh 
10 performance Bar Code Reader whereby the scannxng 
devices scan an object having a bar code 
associated therewith and collect inf ormatxon 
stored in the bar code, which information is then 
transmitted through the mobile transceiver unxts 
as to base transceiver units such as base transcexver 
units 52A, 52B, and 52C or base transceiver unxt 
54 of Figure 3. The bar code data received by 
said base transceiver units is then transmitted xn 
the example of Figure 3, over network 50 by base 
20 transceiver units 52A, 52B, or 52C, or over Ixnk 
53 by base transceiver unit 54, to network 
controller 40 which performs the routing and 
delivery of the data to the statibnary data 
processor, or processors, such as shown for 
25 example, by host 42 of Figure 3. 

n«»gfTT-iptio r, of FiouT— <->^T-oucrh 11 

Figure 7 shows a block diagram of a 
particularly preferred intelligent base 
transceiver unit known as the RB4000. It will be 
30 observed that the components correspond with 
components of the network controller of Figure 4 , 
and similar reference numerals (preceded by 7-) 
have been applied in Figure 7. Thus, the 
significance of components 7-70 through 7-73, 7- 
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Cent:ral processing unit: int:er£ace 122 is 
coupled to asynchronous signal processing element: 
128 by signal pat:h 130* Asynchronous signal 
processing element 128 comprises a baud rate 
5 generator cooperative with a universal 
asynchronous receiver-transmitter . 

Also coupled to central processing unit 
interface 122 is network clock and control member 
132 which comprises a programmable network clock 

10 generator which can be selectively progreunmed to 
generate an optional clock speed for a network to 
be coupled through RS485 interfaces 82 and 90 seen, 
in Figure 4* Network clock and cont::rol member 132 ^ 
also provides detection means for detections of 

15 failure conditions dn a linked network and 
provides control signals to system components in 
response thereto^ including interrupt signals to 
programmable interrupt coordinator circuitry 
included in cent:ral processing interface 122. 

20 Network clock and controller member 132 provides 
data encoding by the FMO standard, then the 
encoded data may be operated upon by RS485 
interfaces 82 and 84 and transmitted and received 
by single twisted pair means to multiple serially 

25 networked base transceiver units exemplified by 
base transceiver unit 52A, 52B, and 52C 
illustrated in Figure 3 • 

Keyboard controller element 134 is coupled to 
central processing unit interface and provides a 

30 link exterior to ASIC 120 to keyboard 31 (See 
Figxire 3) . 

FLASH memory/EEPROM logic contirol member 13 6 
is coupled to central processing \init interface 
122 and comprises control functions for FLASH 
35 memory element 100 and EEPROM memory element 102 
of Figure 3 . ' 
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commercially available radio base knovm as the 
RB3021 of Norand Corporation. Base station 811 
may communicate with a multiplicity of hand-held 
RF data terminals such as indicated at 821. Base 
5 814 is indicated as being coupled with the adaptor 
801 via RF broadband modems 831 and 832. Base 
units 813 and 814 may communicate with mobile 
transceiver units such as those indicated at 833 
and 834 . 

10 Figure 9 shows two network controllers 4 OA 

and 40B each with its host ports configured as 
with the controller 40 of Figure 8. In this 
example, the second ports 72 of the controllers 
4 OA and 4 OB ' are configured for communication a 

15 relatively high data rate relatively along a 
distance network channel 56 which may have the 
characteristics of the serial channel 56 of Figvire 
3, for example, an RS485 channel operating at 384 
kilobits per second (384K bps). Network base 

20 transceivers 52A, 52B and 52C may correspond with 
the correspondingly numbered transceiver units of 
Figtire 3, for example, and the network may have 
additional network transceivers such as 52D. 
Furthermore, the network transceivers may have RF 

25 coupling with router transceiver units such as 
indicated at 901, 902 and 903. Router transceiver 
unit 902 is illustrated as a RB4000 intelligent 
transceiver such as represented in Figure 7 and 



SUBSTITUTE SHEET (RULE 26) 



13 

76, 7-82, 7-96, 7-98, 7-100 and 7-104 will be 
apparent: from the preceding description with 
respect to Figure 4 and 6, for example. I/O bus 
700 may be coupled with a spread spectrtim 
transmission (SST) or ultra high frequency (DHF) 
transceiver 701 which may correspond with any of 
the transceivers of units 52A, 52B, 52C or 54 
previously referred to. The network controller 70 
could have a similar RF transceiver coupled with 
its data port 72 or 73 and controlled via 
input/output bus 400, e.g. for direct RF coupling 
with router transceivers such as 901, 901, Figure 
9. 

Referring to Figure 8, a network controller 
4 0 is shown with port 71 configured for interface 
with a host port type SNA V. 35 56K/64K bits per 
second. Port 72 is shown as configured for 
communication with a personal computer of the PS/2 
type operating asynchronously at 38.4K bits per 
second. Port 74 is coupled with a modem 8-60 
providing for remote diagp riostics a nd,_rgprogramaing 
of the network controller 40. 

Port 73 of network controller 40 is shown as 
being connected with an adapter component 801 
known as Norand Corporation MBA3000. In the 
operating mode indicated in Figure 8 , the adapter 
801 serves to couple controller 4 0 sequentially 
with four radio base transceiver units such . as 
indicated at 811 through 814. Component 811 is a 
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example, for producing bar code labels where those 
are needed in the vicinity of a base station. In 
a large warehouse, relatively large distances may 
be involved for a worker to return to a printer 
such as PI to Obtain a new bar code label. Thus, 
it may be very advantageous to provide a printer 
P2 at the base station 52C which may be relatively 
close to a processing location which requires 
printed labels, e^ a processing location in the 
vicinity of hand-held terminal 12-.2 in Figure 12. ^ ^ 
A base 52F may have a peripheral P3 associated 
therewith such as a large screen display, a 
printer or the like which may supplement the 
capabilities of a hand-held terminal, for example 
printing out new bar code labels at a convenient 
location, or providing a full screen display, 
rather than the more limited screen display area 
of the hand-held terminal 12-2. 

If, for example, a base radio 52D which might 
be located at the ceiling level of a warehouse 
became inoperative at a time when qualified repair 
personnel were not immediately available, with the 
present system it would be feasible to provide a 
substitute base radio or base radios, for example, 
as indicated at 52D1 located at table level or the 
like- 

With the present system, the base radio 
stations do not necessarily forward data 
communications received from a given terminal to 

SUBSTITUTE SHEET (RULE 26) 
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having its input/output bus 700 coupled with a 
peripheral. 

Figure 10 is entirely similar to Figure 9, 
for example, except that ports 72 of the 
5 controllers 4 OA and 4 OB are coupled with separate 
serial type high data rate network channels, and 
ports 73 of the respective network controllers are 
coupled to a veiry high speed network e.g. in the 
several megabits per second range such as an 

10 Ethernet local area network 1000. Suitable ^ 
interfaces are indicated at 1001 and 1002. 

Figure 11 is entirely similar to Figure 9 
except that the ports 73 of the network 
controllers 4 OA and 4 OB are coupled with 

15 respective local area ring type networks which may 
be separate from each other and each have two or 
more hosts such as represented in Figure 9 
associated with the respective ring networks such 
as token rings llOOA and llOOB. Suitable 

20 interface means are indicated at 1101 and 1102. 

Description of Figure 12 

Figure 12 shows, for example, two network 
controllers 4 OA and 4 OB , each . with two host 
computer units such as 42-lA. Host 42-2A is shown 
25 with a printer or other peripheral PI which may 
generate bar codes, for example, for replacement 
of damaged bar codes or the like. Another printer 
P2 is shown associated with base 52C, again for 
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successively try its communications options with 
its output ports such as 71-73, determining for 
example, that host processors were coupled with 
ports 71 and 72, one operating on a 38.4 kilobit 
per second asynchronous basis and the other 
presenting a SNA port for the V.35 protocol at 64 
kilobits per second. For example, on host, 42-lB 
might be a main frame computer, while the other 
host 42-2B might be a PS/2 type computer system. 
The controller 40B having thus automatically 
configured itself so as to be compatible with the 
devices connected to ports 71 and 72, could 
proceed to transmit via port 73 a suitable inquiry 
-r message to the network channel 56. Although a 
15 polling protocol is preferred, each of the base 
stations could operate, for example, on a carrier- 
sense multiple-access (CSMA) basis or using a busy 
tone p rotocol W respond to the inquiry message 
from the controller 4 OB, until each of the 
20 successive bases on the network had responded and 
identified itself . Each base, for example, would 
have a respective unique address identification 
which it could transmit in response >o the Jji«^^ 
messagre so as to establish its presence on the 

25 network. 

The controller 4 OB. could then transmit auto 

configure commands to the successive bases in 

turn, instructing the bases to determine what 

peripherals and router bases such as 52D1, 52E and 
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a particular host. For example, tiand-held 
terminal 12-2 may request a path to printer P2, 
and such a path may be created via base stations 
52D1 and 52C. Station 52C upon receipt of the 
message form terminal 12-2 would not transmit the 
message to a host but would, for exeuaple, produce 
the desired bar code label by means of printer P2. 
Further, terminal 12-2 may have provision for 
; digitizing a voice message which might, for 
example, be addressed to terminal 12-1. The 
system as illustrated would be operable to 
automatically establish a suitable path for 
example, via stations 52D1, 52C, 52B, 52E and 12-1 
for the transmission of this voice message in 
digital form. Successive segments of such a voice 
message would be "stored, for example, by the 
terminal 12-1, and when the complete message was 
assembled, the segments would be synthesized into 
a continuous voice message for the user of 
terminal 12-1 e.g, by means of a speaker 1201 
also useful for sending tone signals indicating 
valid bar code read, etc. 

In accordance with the present invention, a 
hardware system such as illustrated in Figure 12 
may be physically laid out and then upon suitable 
command to one of the network controllers such as 
42-2B, the entire system would be progressively 
automatically self -configured for efficient 
operation. For example, controller 4 OB could 
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Figure 13 Shows an intelligent integrated 

integrated into a single housing or case 1301 
corresponding to the case or housing 20 of Figure 
the housing 1301 may he provided with an 
external antenna as diagra.»atically indicated at 
i302 with suitable «P coupling to the radio 
circuitry indicated at 1303. Components 13-70 
through 13-74. 13-76, 13-78, 13-9^- 
13-100, and 13-102 nay correspond with the 
correspondingly numbered components described with 
reference to Figure 4 . 

gTTPPT.KMEN T^PY r>TgrTTSSION 

Xn accordance with the present disclosure, a 

Yior- or integrated network 
network controller, or i y 

controller and radio unit is coupled to one or 
more host computers via a standard interface such 
as commonly encountered in practice (e^ KS232, 
V 35, Ethernet, token ring, FDDI, and so on) . In 
this way, no specialized interface or adapter is 

required for the host. 

Since the preferred network controller can 
connect to two hosts, if ohe host is detected to 
have failed, or in the event of a system crash, 
loss of communication link, or the like, the 
network controller can automatically switch to the 
.econd host. The second host may be a truly 
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52F were within the range of such base^ and to 
report back to the controller- For example, bases 
such as 52C and 52F could determine the nature of 
peripherals P2 and P3 associated therewith so as 
5 to be able to respond to an inquiry form a 
terminal such as 12-2 to advice the terminal that 
a bar code printer, for example, was within direct 
RF range. 

In the caise of a breakdown of a component of 
^ 10 the system such as 52D, it would merely be ^ 
necessary to place a router device such as 52D1 at 
. a convenient location and activate the unit, 
whereupon the unit could send out its own 
broadcast inquiry which, for exeunple, could be 

15 answered by the base stations 52C and 52F, station 
52C in turn, advising a relevant host or hosts of 
the activation of a substitute router station* 
Thus, the system is conveniently re-self- 
configured without the necessity for a technician 

20 familiar with the particular conf igxiration 
procedure* As another example, where the base 
stations are operating utilizing spread spectrum 
transmission, the introduction of barriers (such 
as a new stack of inventory goods) to such 

25 -transmission between a given base Such as 52A and 
various terminals, could result in the base 52 A 
contacting router 52 E, for example, with a request 
to become active with respect to the blocked 
terminals. 
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Cray X-«P. Then -obile and/or portable terBinals 

coBpu«r. or in general, any of boses ^ba^ are 
connected to the network controller. 

^ indicated in Figure 9, four hosts can be 
on one network. deferring to Figures 10 and 11, 
a multiplicity Of hosts :.ay be coupled with each 
local area network so as to be in co^unication 

the disclosed network 
with one or more of the 

- single disclosed 
controllers. Furthermore, a sing 

i-ol two radio networks 
network controller can control two 

such as the one indicated at 50 in Figure 3. 

' wnere each network such as 50 is limited to 

^ -^^e the number of devices is 
thirty-two devices, the nuiu*^ 

aoubled with the use of two .radio networks. Two 
such radio networks -ay also be utilized for the 
sake of redundancy, with a provision for automatic 
switch-over fro. one radio network to the second 

f'i-r-st- TWO radio 
if a problem develops on the f i^st. 

^^m-»te the use of different 
networks may also facilitate the 

radio technologies in one installation. 

The various ^ulti-drop local area networks 
referred to herein, for example at 7-B2 in Figure 
. and as represented at 56, 56A, 563, Figures S 
through 12, and at 13-B2 in Figure 13 may comprise 
HDLC based local area networks operating at up to 
2.5 megabits per second and using biphase space 

^ ^ «T^r-v -recovery from data, 

encoding (FMO) for clock recovery 

ciucn" (HULIi 26) 



redundant system, or may be a simpler computer of 
the PC type (a so-called personal computer) that 
can simply store transactions iintil the main host 
is restored. As another example, a single host 
may have a second port coupled to a second port of 
the controller especially if a communication link 
failure may be a problem* For excunple^ two ports 
of the network controller may be coupled by 
separate modems with separate phone lines, leading 
to separate ports of a single mainframe computer, 
for example an IBM3090. In a fully redundant 
system, two ports of a network controller may be 
connected respectively to two mainframe computers 
such as the IBM3090. 

The disclosed network controller can also 
connect one radio network to two hosts using RS2 3 2 
or V.35 ports or to many hosts using a local area 
network such as Ethernet, token ring, or FDDI. A 
number of the disclosed network controllers (for 
example, up to thirty-two) can be connected 
together to interface many hosts to a single radio 
network. The hand-held portable terminals in such 
a network can then talk to any of the hosts they 
choose. 

For example where one port of the disclosed 
network controller is coupled via its RS232 
interface to a inainf rame computer such as the 
IBM3 090, another of its ports may be coupled via 
an FDDI network with a super computer e.g. the 
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eould operate .ooordin, to a differed protoool. 
It will be apparent that many .odif ioations and 
variations .^y be effected without departing fro. 
the scope of the teachings and concept of the 
present disclosure. 

Figure 14 is a block diagram of the circuitry 
for one pair of communication ports 1401 and 1403 
of adapter 801 (fig.8) coupling to base 

transceiver units. Three additional pairs of 
oom>.unioation parts for coupling to six additional 
base transceiver units are provided in the 
embodiment of adapter 801 as exemplified by the 
sorand Corporation HBA3000 Multiple Base Adapter. 
It is to be understood that the circuit components 
coupled to each additional pair of communication 
ports Of adapter 801 is identical to that shown 
for first port pair lA/lA, that is ports 1401 and 
1403 of Figure 14. The adapter 801 provides means 
for connecting the controller 40 (Fig. 8) at its 
port 73 to a multiplicity of radio base units 
illustrated m Fig. 8 as, for example, 811, 812, 
813, 814, including in selected pairs. In the 
preferred embodiment of adapter 801, up to eight 
„dio base units may be coupled through use of 
adapter 801 to a network controller 40, to be 
controlled by controller 40 in selected pairs 
thereof . The controller 40 may control the radio 
SUBSnTUTE SHEH (RULE 26) 



The components 86 and 94, Figure 4, and 
component 13-11, Figure 13, provides a low-cost 
base radio interface using three pairs of twisted 
conductors. One pair provides a bidirectional 
RS485 data line* Another pair is used for the 
clock and has an RS422 electrical configuration, 
and is one directional from the radio to the 
controller* The third twisted pair is also RS422 
and is used to communicate from the controller to 
the radio transceiver to effect mode selection. 

An aspect of the invention resides in the 
provision of a network controller having port 
means selectively configurable for coupling in 
first mode with network RF transceiver units at a 
relatively high data rate such as 100 kilobits per 
second or higher, and for coupling in a second 
mode with network transceiver units at a 
relatively low data rate such as about twenty 
kilobits per second. Preferably a single port 
means such as 2, 3, or 5, 6, Figure 5, can be 
software configured to interface selectively in 
the first mode or in the second mode. It is 
presently less expensive to use multiple 
connectors per port rather than a single 3 7-pin 
connector for example. 

Where , a network controller such as 40 
operates two high data rate networks, for. example, 
one network of RF base transceivers could operate 
with the RTC protocol, and the second network 
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ports 1401 and 1403 of Fig. 14, are first 
converted to TTL levels by the RS232 transceivers 
1406 and 1408 or by the RS422 transceivers 1410 
and 1412, depending upon which interface is 
presented by a pair of base radios at port 1401 
and 1403. The signals provided to adapter 801 are 
then forwarded by the transceivers 1406 and 1408 
or 1410 and 1412 at TTL levels to controller 40. 
A selection unit 1414 provides a push-to-talk 
selection signal to the RS232 transceivers 1406 
and 1408 and to the RS422 transceivers 1410 and 
1412 to provide PTT selection signals at ports 
1401 and 1403 in both RS232 and RS422 format. It 
is to be understood that similar selection units 
are associated with remaining port pairs 2A/2B, 
3A/3B. 4A/4B so that the ports may be 
independently operated. 

The adapter 801 of Fig. 8 is exemplified by 
the MBA3000 multiple base adapter unit 
manufactured 'by the NORAND Corporation of Cedar 
Rapids, lowa. Because of the operation of the 
MBA3000 multiple base adapter by dual methods in 
either RS232 or RS422 signal environments, the 
MBA3000 may be incorporated into systems having 
existing installed base radios which present only 
an RS232 interface or it may be incorporated into 
systems having base radios some of which operate 
at RS4 22 and some at RS23 2- 
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base units such as 811, 812, 813, 814, (Fig. 8) in 
simulcast: mode, that is, with all base radios 
interrogating mobile transceiver units such as 
821, 833, and 834 of Fig. 8 simultaneously, or 
5 with the base units being employed in pairs to 
interrogate the mobile transceiver units. 

Referring again to Figure 14, the network 
controller 40 provides transmit data and baud rate 
select signals to adapter 801. Within adapter 

10 801, the controller outputs are converted to TTL 
levels by TTL converter 1402 and they are then 
provided to buff er 1404 which provides the signals 
to paired RS232 transceivers 1406 and 1408, and to 
paired RS422 transceivers 1410 and 1412 which 

15, deliver the converted signals to ports 1401 and 
1403 respectively. By this means, the 

controller's output signals are provided to a pair 
of output ports 14 01 and 1403 in both RS232 and 
RS422 interface at the same time. An additional 

2 0 three output -port-pairs are provided which may be 
denominated 2A/2B, 3A/3B and 4a74B, which ports 
are controlled and operated identically to ports 
lA/lB identified in Fig. 14 as ports 1401 and 
1402. The RS232 transceivers 1406 and 1408 and 

25 RS422 transceivers 1410 and 1412 and ports 1401 
and 1403 are illustrative of all circuitry coupled 
to port pairs of adapter 801. 

Similarly, signals provided to adapter 801 by 
base radios coupled to the output port pairs, e.g. 
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environment, when base transceiver units 1511 and 
. i5« have been unsuccessful in establishing 
co^nunication with the desired mobile transceiver 
unit, controller 40 will then cause bases 1513 and 
5 1514 to attempt communication and if bases 1513 
and 1514 are unsuccessful, controller 40 will 
proceed through the other base radio pairs, n».ely 
1515/1516 and 1517/1518, as needed, to establish 
, communication with the desired mobile transceiver 

10 unit.. 

The adapter SOI is provided to operate in 
either simulcast or sequential mode. In the 
normal or simulcast mode, adapter 801 allows the 
use Of one to eight bases, where the bases are 
IS configured as four pairs of two bases. In this 
mode the adapter 801 simulcasts to a single base 
pair at a time and the four sets of base pairs are 
selected using a dynamic time-division 
multiplexing method, the user can configure the 
20 adapter 801 to use any of the eight base ports, 
using simulcasting or time-division multiplexing 

to best advantage. 

There are two sets of base transceiver units, 
referred to as set A (identified as lA, 2A, 3A, 
25 and 4A) and set B (identified as IB, 2B, 3B, and 
4B) . Within a set , the base transceiver units are 
selected by time-division multiplexing. 

^« vin 15. that there are 
It can be seen in Fxg. i»r 

v^=.T,cf-eiver units defined as 
four pairs of base transceiver 



wo 94/10774 PCT/US93/10528 

27 

Fig- 15 illustrates a preferred arrangement 
of controller 40 and adapter 801 when used in an 
environment with multiple base radios in multiple 
warehouse environments* Controller 40 is coupled 
5 to adapter 801 which is coupled to paired bases 
1511, 1512; 1513, 1514; 1515, 1516; and 1517, 
1518; which are located in warehouses 1501, 1502, 
1503 and 1504. By geographical separation in 
warehouse 1501, for example, base radios 1511 and 

10 1513 provide substantial coverage of warehouse 
1501 such that a mobile transceiver being used 
within warehouse 1501 would be communicated with 
by either base radio 1511 or 1513 • By the use of 
adapter 801, controller 40 may cause interrogation 

15 simultaneously by base radios 1511, 1512, 1513, 
1514, 1515, 1516, 1517, 1718, or it may cause 
sequential interrogation by radio pairs 1511/1512, 
1513/1514, 1515/1516, or 1517/1518 in succession. 
When a mobile transceiver responds by RF 

20 communication means with a base radio, e.g. base 
radio 1511, the response is transmitted by base 
radio 1511 through coupling 1521 to adapter 801 
which automatically converts the incoming response 
to RS232 interface as necessary, to make it 

25 suitable for reception by controller 40. 

Through a system as exemplified in Fig. 15, 
data collection from a number of roving mobile 
transceivers may be initiated by a network 
controller 4 0 through a four-warehouse 
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overlap area. The radio signals from the :nobile 
1:ransceiver unit may be picXed up fully or 
partially by either or both base transceiver units 
of a given pair. However the adapter 801 first 
tries to receive from one base transceiver unit, 
for example base 1511, and if unsuccessful, it 
then switches to try to receive from a second base 
transceiver unit, for example base transceiver 
unit 1513. If the information is successfully 
received from the first base transceiver unit, the 
information from the second base transceiver unit , 
is ignored. Thus the controller assures data does 
not get sent to the host data processor in 
duplicate. 

The user may couple from one to eight base 
transceiver units to the adapter 801 and can then 
configure those base transceiver units as required 
to meet the installation's needs. Any combination 
of ports of the adapter 801 can be used. Thus the 
user can take advantage of the ability to 
simulcast or sequentially (via time-division 
multiplexing) access the base transceiver units 
1511, 1512, 1513, 1514, 1515, 1516, 1517, and 



1518 



».,,.. p..H Fadin g and Data PacVnt Sire Parameters. 
in a preferred embodiment, the data (or 

4-v,^<-.»irih the RF communication 
messages) to be sent through -cne 

^ ^ a Plurality of DATA packets 

link is segmented into a piuraxxuy 
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pairs lA/lB, 2A/2B, 3A/3B, 4A/4B. Each base 
transceiver unit of a base pair is simulcasted to 
at the same time. 

The hardware of the adapter 801 allows the 
5 selection of the base pairs (pair lA/lB through . 
4A/4B) using control lines from the controller 40. 
Adapter 801 transmits to both base transceiver 
units of a base pair at the saine time and receives 
independently from each base simultaneously. 

10 The lise of adapter 801 allows an extension of 

the number of base transceiver units that can be 
used in a facility to allow for adequate coverage, 
it is important to understand how the base 
transceiver units operate when simulcasting is 

15 used, and when time-division multiplexing is used. 

The adapter 801 distributes signals 
transmitted by controller 4 0 to base transceiver 
pairs at the same time, so if there is an overlap 
in__jthe coverage for the two base transceiver 

20 units, there may be some interference. The amount 
of interference depends on the relative signal 
strengths; if the strength is similar in one spot 
the chance of interference is larger that if the 
signal strengths are different. This type of 

25 interference could be avoided in some 
configurations by splitting coverage areas of 
pairs of base transceiver units. Another method 
of covering the overlap area is to, place another 
base (not one of the base pairs) to cover the 
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„„.X <no ae.ec.a..e si,naX receiver, 
results. T.is conaition is .er^ed "faain,", 

i« the propagation 
Normally changes xn the P P 

^lativelv slowly, i.e., over 
environment occur relatively ^ 

*^«Yn several tenths 
periods of time rangin, £rom 

„/i„.s) of seconds to several seconds. However, 
in a mobile RF environment, receivers (or the 
corresponding transmitters, often travel over some 
aistance in the course of receiving a message. ^ 
Because the signal energy at each receiver xs 

that the signal components 
determined by the paths that tne 

^a.e to reach that receiver, the relative mot.on 
^twe.n the receiver and the transmitter causes 
receiver to experience rapid fluctuations xn 
. Signal energy. Such rapid fluctuations can result 
in the loss Of data if the amplitude of the 
received signal falls helo« the sensitivity of the 
receiver. 

/i^ci-ances ttie signal components 
over small dxstances , ^^^^ 

.0 that determine the composite signal are well 
• correlated, i.e.. there is a small prohahxlity 

^at a significant change in the signal power 
envelope will occur over the distance. If a 
transmission of a data pacKet can he initiated and 

vHo T-elative movement between the 
25 completed before the relative 

receiver and transmitter ' exceeds the "small 
distance... data loss to fading is unliKely to 

• ™ "small distance" wherein a 
occur. The maximum -small ai 

SUBSTITUTE SHEET (RULE 26) 



wo 94/10774 ^ PCT/US93/10528 

31 

and is then transmitted. Upon receipt, the DATA 
packets are reassembled for use or storage. Data 
segmentation on the RF link provides better 
communication channel efficiency by reducing the 
5 amount of data loss in the network. For example, , 
because collisions between transmissions on an RF ( 
link cannot be completely avoided, sending the 
data in small segments results in an overall' 
decrease in data loss in the network, i.e., only 
10 the small segments which collide have to be re- 
sent. 

Similarly, choosin|g smaller data packets for 
transmission also reduces the amount of jdata logs 
by reducing the inherent effects of perturbations 

15 and fluctuations found in RF communication links. 

In particular, RF signals are inherently subject 
to what is termed "multi-path fading" . A signal 
received by a receiver is a composite of all 
signals that have reached that receiver by taking 

20 all available paths from the transmitter. The 
received signal is therefore often referred to as 
a "composite signal" which has a power envelope 
equal to the vector sum of the individual 
components of the multi-path signals received. If 

25 the signals making up the composite signal are of 
amplitudes that add "out of phase", the desired 
data signal decreases in amplitude. If the signal 
amplitudes are approximately equal, an effective 
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Slower fading effects which ..ight be 
experienced between stationary transceivers in an 
Office building due to the movement of people, 
.ail carts, and the liKe. In a typical 
application of the present invention, the BF 
transceiver of a mobile unit »ay be secured with 
a bar-code scanner such as a deflected laser bea» 
bar-code scanner or an instant CCD bar-code 
scanner. In such an example, the bar cede data 
0 could be transmitted to the base station as the RF 
transceiver and a scanner device were being 
jointly transported by a vehicle (e.g. a forHlift 
truck) to another site, or the RF transceiver and 
a scanner, e.g. as a unitary hand-held device, 
15 could be carried by the operator to another site 
as the bar code data was being transmitted to the 

hise station. In such situations, fading is more 

pronounced* 

If fading does not pose a problem on a given 
20 netvorlc, the overhead associated with 
segmentation, hand-shaking and reconstruction may 
not be justifiable. However, where fading exists, 
such overhead may be required. 

in many communication environments, the 
25 degree of fading effects varies dramatically both 
from time to time and from installation to 
installation. In the preferred embodiment, 
transmitters and receivers communicate using an 
optimal data segment size parameter by adapting 
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high degree of correlation exists is referred to 
hereafter as the "correlation distance" . 

As expressed in wavelengths of the carrier 
frequency, the correlation distance is one half 
5 (1/2) of the wavelength, while a more conservative 
value is one quarter (1/4) of the wavelength. 
Taking this correlation distance into 
consideration, the size of the data packet for 
segmentation purposes can be calculated. For 
10 example, at 915 MHz (a preferred RF transmission ^ 
frequency), a quarter wavelength is about 8.2 
centimeters. A mobile radio moving at ten (10) 
miles per hour, or 447 centimeters per second, 
travels the quarter wavelength in about 18.3 
15 milliseconds. In such an enviroximent , as long as 
the segment packet size remains well under 18.3 
milliseconds, significant signal fluctuations 
during the duration of a packet transmission is 
unlikely. In such an preferred embodiment, five 
20 (5) millisecond data packet segments are chosen 
which provides a quasi-static multipath 
communication environment. 

The faster the relative movement between a^ 
transmitter and a receiver the greater the effect 
25 of fading, and, therefore, the smaller the data 
segment should be. Similarly, if the relative 
movement is slower, the data segment can be 
larger. 
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used to determine whether to change the data 

tf a trend in signal strength 
segment size. If a ^^^^^ ^>,o 

, the threshold, 

shows values falling below the 

«^ If the threshold 
data segment size is decreased. I£ « 

Xevel is neve, reached, «>e se^ent size »i,« ^e 
increased. Xn addition. t.e trend associated «itn 
a ^oup of signal strength sa.pXes can ^ used to 
predict the optical data pacXet size - the 
intersection of the signal strength sa-pXes w.th ^ 
«.e threshold defines a seg-ent length that, wxth 
a safe .argain, can he used effectively used with 
the current degree of fading. 

After receiving a data segment, the receiver 
sends to the transmitter indications regarding: 
Whether the data segment was received without 
fault,- and 2, what the new optimal segment sxze 
Should he. The transmitter responds by adjusting 
the data segment size and then sending the ne>ct 
segment. Ks can he appreciated, -the data segments 
are adapted hased on the previous transmission, 
instead of adjusting on the hasis of the reception 
a single data segment (the previous 
transmission, , other technigues for adjustment are 

transmitter may 
contemplated. For example, the tr 

also utilize a threshold window (or weighted 
averaging,, inside of which the segment size will 

r.«iv if the requested change by 
not be changed. Only if T:ne si 

i^.lls outside of the threshold window 
the receiver falls oux.sxuc 

r^hanae Similarly, the 
will the segment size change. 
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the size to conform to the communication 
environment of the network at any given time. For 
example, if a receiver detects repeated faulty 
transmissions, the data segment size parameter 
5 might be incrementally reduced (under the 
assumption that fading caused the faults) until 
the data throughput reaches an optimal level. 
Similarly, the size of the data segment can be 
reduced based on a measured indication of the 
10 degree of fading in the ^network. ^ 
One example of a receiver making such a 
measvirement of fading can be found in the 
abandoned patent application of Ronald Mahany, 
U.S. Serial No. 07/485,313, filed February 26, 
15 1990. Specifically, in that reference, a received 
signal strength indicator (RSSI) circuit' is found 
in the receiver. The RSSI circuit samples the 
signal strength of a transmission. If the signal . 
strength seuaples are evaluated in sec[uence and the 
20 trend analyzed, the degree of fading can be 
measured. If the signal strength samples 
decrease in value, it is likely that fading is 
present in the network. However, just because 
fading exists does not require segmentation. Only 
25 if fading causes the signal strength to drop below 
the level of the receiver's sensitivity is 
segmentation required. 

A fixed threshold value that is located a 
safe .margain above the receiver's sensitivity is 
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20 



nnice immunity an^^ 
transmission, providing noise imm 

.„l.ip,tn si,nax rejection. T.e .reguency ana 
Xength of *he spreading-code can be varied 
o„er .ore or less .ultipath si,naX rejection or 
noise immunity. although it -.y result in 
Wroved .o^unication. increasing «>c f re « 
or length of the spreading-=ode re.^ires 
additional overhead which may not he Justifiable 
unless necessary. \ 

^ ,1 Tl-rr1nn — soeeaM-EaraBsSgr^ 

„ ^= the switching of 
Frequency-hopping is 

transmission f regencies according to a se^ence 
that is fixed or pseudo-random and that is 
available to both the transmitter and receiver, 
^aaptation to the communication environment via an 
"Ixchazige in f reguency-hopping operating parameters 
is possible, for example, via selective control of 
the hopping rate or through the use of coding or 
interleaving. The greater the degree of freguency 
selectivity of the fading envelope (i.e., when 
fading is significant only over a portion of the 
spectrum of hopping frewe^cies, . the greater the 
benefit of such adaptation. 

particularly, a parameter indicating the 
, hopping rate can be varied to minimise the 
probability that the channel characteristics will 

^,,v-TTici the course of a 
detrimentally change during 

w TO vary the..iiopping -rate- 

communication exchange. To va_y_.„ 



receiver might also utilize such a window — only 
requesting a change when the newly forecasted, 
optimal segment size falls outside of the window. 

Direct- Sequence Spread Spectrum Parameters. 

As described above, the network controller 
provides an interface to both the older generation 
UHF radio transceivers and newer generation spread 
spectrum transceivers. A spread spectrxim 

broadcasting system uses a sequential pseudo-noise 
signal to spread a signal that is in a relatively 
narrow band over a wider range of frequencies. It 
is the subject of standards issued by the Federal 
Communications Commission (FCC) that provide 
usable spectrum at low power levels for 
communication in limited areas such as warehouses, 
office buildings, and the like. The use of 
spread-spectrum techniques minimizes interference 
with others using the same channels in the 
spectrum. 

A transmitter using direct-sequence spread 
spectrum transmission uses a spreading-code of a 
higher frequency than that of the data rate to 
encode the data to be sent. This higher frequency 
is achieved by increasing the chip clock rate 
(wherein each chip constitutes an element of the 
spreading-code). Using the same spreading code, 
the receiver decodes the received signal while 
ignoring minor faults which occurred in 
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particular, coding methods which provide burst 
error correction, e.g., Reed-Soloxnon coding, can 
be applied if the hop length is lively to exceed 
the coherence time of the channel. Such coding 
methods allow some portion of the data to be lost 
and reconstructed at the expense of a 30-50% 
reduction in throughput. The operating parameter 
for coding indicates whether coding should be used 
and, if so, the type of coding to be used. 

An operating parameter indicating whether 
interleaving should be used also helps to optimize 
the communication channel. Interleaving involves 
breaking down the data into segments which are 
redundantly transmitted in different hopping 
frames. For example, in a three segment exchange, 
the first and second segments are sequentially 
combined and sent during a first hopping frame, 
in a subsequent hopping . frame, the second and 
third segments are combined and sent. Finally, 
the third and first segxaents are sequentially 
combined and transmitted in a third hopping frame. 
The receiving-transceiver compares each segment 
received with the redundantly received segment to 
verify that the transmission was successful. If 
errors are detected, further transmissions must be 
xnade until verification is achieved. Once 
achieved, the transceiver reconstructs the data 
from the segments. 
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is to vary the length of a hopping frame. 
Although multiple data (or message) exchanges per 
hopping frame is contemplated, the preferred 
hopping frame consists of a single exchange of 
5 data. For example, in a polling environment, the 
hopping frame might consist of: 1) a base station 
transmitting a polling packet to a roaming 
terminal; 2) the roaming teirminal transmitting 
data in response; and 3) the base station 

10 responding in turn by transmitting an acknowledge 
packet. Each hopping frame exchange occurs at a 
different pseudo-randomly chosen frequency. 

For optimization, the hop frame length is 
adjusted to be as long as possible, while 

15 remaining shorter than the coherence time of the 
channel by some safety margin. Although such 
adjustment does not eliminate the effects of 
fading, it increases the probability that the 
characteristics of the channel will remain 

2 0 consistent during each .hopping frame. Thus, in 
the preferred embodiment, if the polling packet 
transmission is successfully received, the 
probability of successful receipt of the data (or 
message) and acknowledge is high. 

25 Another parameter for changing frequency- 

hopping performance is that of coding. Coding on 
the channel for error correction purposes can be 
selectively used whenever the probability of data 
or message loss due to fading is high. In 



SUBSTiTUTE SHEET (RULE 26} 



wo 94/10774 



10 



15 



20 



25 



PCT/US93/10528 

42 

,1, The occupied band width is sixteen 
Hilohertz maximum with five Kilohert. .naximu„ 

frequency deviation. 

,2) The channel spacing i= 2S kilohertz. 
This r«p.ires the use of highly selected filtering 
in the receiver to reduce the potential for 
interference from nearby radio ecpiip-nent operating 

on adjacent channels. 

(3) The maximum output power is generally in 
the range of ten to three hundred watts . For 
localized operation in a , fixed location , however , 
' transmitter power output may be limited to two 
watts maximum, and limitations may be placed on 
antenna height as well. These restrictions are 
intended to limit system range so as to allow 
efficient re-use pf frequencies. 

For non-return to zero (NRZ) data modulation, 
the highest modulating frequency is equal to one 
half the data rate in baud. Maximum deviation of 
five Kilohertz may be utilized for a highest 
modulation frequency which is less than three 
Kilohertz, but lower deviations are generally 
required for higher modulation frequencies . Thus , 
at a data rate of ten thousand baud, and an 
occupied bandwidth of sixteen kilohertz, the peaK 

. , v.^ n*-i1ized for NRZ data 

FM deviation which can be utilizea 

may be three kilohertz or less. 

considerations of cost versus performance 
tradeoffs are the major reason for the selection 
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Other methods of interleaving are also 
contemplated. For example, a simpler form of 
interleaving would be to sequentially send the 
data twice without segmentation on two different 
^5 frequencies (i.e., on two successive hops). 

As can be appreciated, interleaving provides 
for a redundancy check but at the expense of data 
or message throughput. The interleaving parameter 
determines whether interleaving is to be used and, 
10 if so, the specific method of interleaving. 

In addition, any combination of the above 
frec[uency-hoppihg parameters might interact to 
define an overall operating ^ configuration, 
different from what might be expected from the svim 
15 of the individual operating parameters. For 
example, selecting interleaving and coding, 
through their respective parameters, might result 
in a more complex communication scheme which 
combines segmentation and error correction in some 
20 alternate fashion. 

Source Encoding Parameters (For Narrowband 
Applications^ - 

In the United States, data communication 
equipment operating in the ultra-high frequency 
25 (UHF) range under conditions of frequency 
modulation (FM) is subject to the following 
limitations. 
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instead of two levels, there is a signal to noise 
(range) penalty for using PR encoding. In an 
adaptive baud rate switching system, the effects 
of this degradation are eliminated by appropriate 
selection of the baud rate switching threshold. 

Since PR encoding offers a doubling of the 
data rate of NRZ encoded data in the same 
bandwidth, one possible implementation of a NRZ/PR 
, baud rate switching system would be a 4800/9600 
bit/sec system in which the low-pass filter 
bandwidth is not switched. This might be 
desirable for example if complex low-pass filters 
constructed of discrete components had to be used, 
use of a single filter could reduce circuit costs 
and printed circuit board area requirements. This 
approach might also be desirable if the channel 
bandwidth were reduced below what is currently 
available. 

The preferred implementation with the 
bandwidth available is to use PR encoding to 
increase the high data rate well beyond the 9600 
bit/sec implementation previously described. An 
approach using 4800 bit/sec NRZ encoded data for 
the low rate thereby providing high reliability 
and backward compatibility with existing products, 
and 16K bit/sec PR encoded transmission for the 
high rate may be utilized. The PR encoding 
technique is a hybrid form similar to duobinary 
and several of its variants which has been devised 
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of the frequency modulation approach used in the 
system. The approach utilizes shaped 

non-return-to-zero (NRZ) data for bandwidth 
efficiency and non-coherent demodulation using a 
5 limiter-discriminator detector for reasonable 
performance at weak RF signal levels. However, 
the channel bandwidth constraints limit the 
maximum data "high" data rate that can be utilized 
for transmitting NRZ coded data. Significant 

10 improvetoents in system throughput potential can be 
realized within the allotted bandwidth by 
extending the concept of adaptively selecting data 
rate to include switching between source encoding 
methods. The preferred approach is to continue to 

15 use NRZ coding for the lower system data rate and 
substitute partial response (PR) encoding for the 
higher rate. The throughput improvements of a 
NR2/PR scheme over an NRZ/NRZ implementation are 
obtained at the expense of additional complexity 

20 in the baseband processing circuitry. 

Partial response encoding methods are line 
coding techniques which allow a potential doubling 
of the data rate over NRZ encoding using the same 
baseband bandwidth. Examples of PR encoding 

25 methods include duobinary and modified duobinary 
encoding. Bandwidth efficiency is improved by 
converting binary data into three level, or 
pseudo-ternary signals. Because the receiver 
decision circuitry must distinguish between three 
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currently stored operating parameter, stores the 
modification, and awaits a transmission from the 
destination based on the newly stored operating 
parameter* The source may also send a "no 

5 acknowledge" message, rejecting the requested 
modification-.- 

If the fj.rst acknowledge message is received, 
the destination modifies its currently stored 
operating parameter, stores the modification, 

10 sends a verification message based on the newly 
stored operating parameter, and awaits a second 
acknowledge message from the source* If the 
destination does not receive the first 
acknowledge, the destination sends the request 

15 again. If after several attempts the first 
acknowledge is not received, the destination 
modifies the currently stored parameter, stores 
the modification as the new operating parameter, 
and, based on the new parameter, transmits a 

20 request for acknowledge. If the source has 
already made the operating parameter modification 
(i.e., the destination did not properly receive 
the first acknowledge message) , the destination 
receives the request based on the new parameters 

25 and responds with a second acknowledge. After the 
second acknowledge is received, communication 
between the source and destination based on the 
newly stored operating parameter begins. 
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to aid decoding, minimize the increase in hardware 
complexity, and provide similar performance 
characteristics to that of the previously 
described 4800/9600 bit/sec implementation- While 
PR encoding could potentially provide a high data 
rate of up to 20K bit/sec in the available channel 
bandwidth, 16K bit/sec is preferable because of 
the practical constraints imposed by oscillator 
temperature stability and the distortion 
characteristics of IF bandpass filters. 

Exchanging Parameters. 

All of the above referenced parameters must 
be maintained in local memory at both the 
transmitter and the receiver so that successful 
communication can occur. To change the 

communication environment by changing an operating 
parameter requires both synchronization between 
the transceivjers and a method for recovering in 
case synchronization faiils* 

In a preferred embodiment, if a transceiver 
receiving a transmission (hereinafter referred to 
as the "destination") determines that an operating 
parameter needs to be changed, it must transmit a 
request for change to the transceiver sending the 
transmission (hereinafter the "source") . If 
received, the source may send an first acknowledge 
to the destination based on the current operating 
parameter. Thereafter, the source modifies its 
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destination, the source might also participate in 
such requests. Similarly, although polling is the 
preferred protocol for carrying out the 
communication exchanges described above, carrier- 
5 sense multiple-access (CSMA) or busy tone 
protocols might also be used. 

As is evident from the description that is 
provided above, the implementation of the present 
invention can vary greatly depending upon the 

10 desired goal of the user. However, the scope of 
the present invention is intended to cover all 
variations and substitutions which are and which 
may become apparent from the illustrative 
embodiment of the present invention that is 

15 provided above , and the scope of the invention 
should be extended to the claimed invention and 
its equivalents. It is to be understood that many 
variations and modifications may be effected 
without departing from the scope of the present 
disclosure. 
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If the dest:ina1:ion does not receive? either 
the first or the second acknowledge messages from 
the source after repeated requests > the 
destination replaces the current operating 
5 parameter with a factory preset ' system-default " 
(which is also loaded upon power-up) . Thereafter, 
using the system-default, the destination 
transmits repeated requests for'^ acknowledge until 
receiving a response from the source. The system- 

10 default pareuneters preferably define the most ^ 
robust configuration for communication. 

If after a time-out period the second recjuest 
for acknowledge based on the newly stored 
operating parameters is not received, the source 

15 restores the previously modified operating 
parameters and listens for a request for 
acknowledge. If after a further time-out period 
a request for acknowledge is not received, the 
source replaces the current operating parameter 

20 with the factory preset system-default (which is 
the same as that stored in the destination, and 
which is also loaded upon power-up) . Thereafter, 
using the common system-default, the source 
listens for an acknowledge request from the 

25 destination. Once received, communication is re- 
established. 

Other synchronization and recovery methods 
are also contemplated. For example, instead of 
acknowledge requests originating solely from the 



SUBSTITUTE SHEET (RULE 26) 




wo 94/10774 PCr/US93/10528 

50 

a first terminal having transmission and 
reception capability from which communication is 
desired; 

a second terminal having transmission and 
5 reception capability to which communication from 
said first temninal is desired; 

said first and second terminals being 
responsive to an operating parameter indicative of 
the length of the spreading code for spread 
10 spectrum communication; 

means within said second tex-minal that is 
responsive to transmissions received from said 
first terminal for evaluating the current data 
communication system; 
15 means responsive to said evaluation means for 

determining whether a change in the length of the 
spreading code should be made; and . 

means within said first terminal that is 
responsive to said determination means for 
20 changing the operating parameter. 

3 • A spread spectrum data communication 
system for collecting and communicating data using 
a sjpreading code, comprising: 

a first terminal having transmission and 
5 reception capability from which communication is 
desired; 
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WHAT IS CIAIMED IS; 

1. A data communication system for 
collecting and communicating data using RF data 
signal transmission, comprising: 

a first terminal having transmission and 
5 reception capability from which communication is 
desired; 

a second terminal having transmission and 

reception capability to which communication from 

said first terminal is desired; 
10 said first and second terminals being 

responsive to an operating parameter indicative of 

the size of data segments to be communicated; 

means within said second terminal that is 

responsive to transmissions received from said 
15 first terminal for evaluating the current data 

communication system; 

means responsive to said evaluation means for 

determining whether a change in the size of the 

data segment should be made; and 
20 means within said first terminal that is 

responsive to said determination means for 

changing the operating parameter. 

2. A spread spectrum data communication 
system for collecting and communicating data using 
RF data signal transmission, comprising: 
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deteraining and maintaining the operation of 
transmission and reception; 

means within said second terminal that is 
responsive to transmissions received from said 
5 first terminal for evaluating the current data 
communication system; 

means responsive to said evaluation means for 
. determining whether a change in the frequency 
hopping parameters should be made; and 
10 means within said first terminal that is 

responsive to said determination means for 
changing the frequency hopping parameters. 

5, A spread spectrxim data communication 
system for collecting and communicating data using 
RF data signal transmission, comprising: 

a first terminal having transmission and 
5 reception capability from which communication is 
desired; 

a second terminal having transmission and 
reception capability to which communication from 
said first terminal is desired; 
10 said first and second terminais being 

responsive to a source encoding parameter for 
determining and maintaining the operation of 
transmission and reception; 

means within said second terminal that is 
15 responsive to transmissions received from said 
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a second terminal having transmission and 
reception capability to which communication from 
said first terminal is desired; 

said first and second terminals being 
responsive to an operating parameter indicative of 
the chip clock rate of the spreading code for 
spread spectrum communication; 

means within said second terminal that is 
responsive to transmissions received from said 
first terminal for evaluating the current data 
communication system; 

means responsive to said evaluation means for 
determining whether a change in the chip clock 
rate should be made; and 

means within said first terminal that is 
responsive to said determination means for 
changing the operating parameter. 

4 . A spread spectrum data communication 
system for collecting and communicating data using 
RF data signal transmission, comprising: 

a first terminal having transmission and 
reception capability from which communication is 
desired; 

a second terminal having transmission and 
reception capability to which communication from 
said first terminal is desired; 

said first and second terminals being 
responsive to frequency hopping parameters for 
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a request for change signal to said first 
terminal; 

said first terminal responding to a received 
request for change signal by transmitting an 
acknowledge signal then modifying and storing the 
operating parameter ; and 

means at said second terminal responsive to 
the acknowledge signal for modifying and storing 
the operating parameter. 

7 • A frequency hopping data communication 
system for collecting and communicating data using^ 
RF data signal transmission, comprising: 

a first terminal having transmission and 
reception capability from which communication is 
desired; 

a second terminal having transmission and 
reception capability to which communication from 
said first terminal is desired; 

said first and second terminals being 
responsive to a frequency hopping operating 
parameter for determining and maintaining the 
operation of transmission and reception; 

means within said second terminal being 
responsive to transmissions received from said 
first terminal for evaluating the performance of 
the transmission; 

means within said second terminal for 
determining whether a change in the operating 

SUBSTITUTE SHEET (RULE 26) 



53 

first terminal for evaluating the current data 
communication system; 

means responsive to said evaluation means for 
determining whether a change in the type of source 
encoding should be made; and 

means within said first terminal that is 
responsive to said determination means for 
changing the source encoding parameter. 

6 . A data communication system for 
collecting and communicating data using RF data 
signal transmission, comprising: 

a first terminal having transmission and 
reception capability from which communication is 
desired; 

a second terminal having transmission and 
reception capability to which communication from 
said first terminal is desired; 

said first and second tejrminals being 
responsive to an operating parameter indicative of 
a data segment size to be communicated; 

means within said second terminal being 
re;sponsive to transmiss;ions received from said 
first terminal for evaluating the performance of 
the transmission; 

means within said second terminal for 
determining whether a change in the operating 
parameter is needed, and, if so, for transmitting 
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said first terminal responding to a received 
request for change signal by transmitting an 
acknowledge signal then modifying and storing the 
operating parameter; and 
5 means at said second terminal responsive to 

the acknowledge signal for modifying and storing 
the operating parameter. 

9. A data communication system for 
10 collecting and communicating data using RF data 
signal transmission, comprising: 

a first terminal having transmission and 
reception capability from which communication is 
desired; 

15 a second terminal having transmission and 

reception capability to which communication from 
said first terminal is desired; 

said first and second terminals being 
responsive to an operating parameter indicative of 
20 whether interleaving is to be used, and, if so, 
the type of interleaving; 

means within said second terminal being 
responsive to transmissions received from said 
first terminal for evaluating the perfoarmance of 
25 the transmission; 

means within said second terminal for 
determining • whether a change in the operating 
parameter is needed, and, if so, for transmitting 
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paraiQet:er is needed, and, if so, for transinit:t:ing 
a request: for change signal to said first 
terminal; ^ 

said first terminal responding to a received 
request for change signal by transmitting an 
acknowledge signal then modifying and storing the 
operating parameter; and 

means at said second terminal responsive to 
the acknowledge signal for modifying and storing 
the operating parameter. 

8. A frequency hopping data communication 
system for collecting and communicating data using 
RF data signal transmission, comprising: 

a first terminal having transmission and 
reception capability from which communication is 
desired; 

a second terminal having transmission and 
reception capability to which communication from 
said first terminal is desired; 

said first and second terminals being 
responsive to an operating parameter indicative of 
whether coding is to be used, and, if so, the type 
of coding; 

means within said second terminal for 
determining whether a change in the operating 
parameter is needed, and, if so, for transmitting 
a request for change signal to said first 
terminal; 
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a request for change signal to said first 
terminal; 

said first terminal responding to a received 
request for change signal by transmitting an 
acknowledge signal then modifying and storing the 
operating parameter; and 

means at said second terminal responsive to 
the acknowledge signal for modifying and storing 
the operating parameter. 
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